INTRODUCTION
Academic workers are constantly evaluated in many areas of their everyday jobs. These areas can roughly be divided into three segments: teaching, administrative duties and research, all of which are subject to evaluation. Teaching and teaching effectiveness are most frequently evaluated through student's evaluation of teaching. [1] Although important and valuable, students' evaluations are mostly subjective and do not represent a legitimate measure of teaching quality. [2] On the other hand, performing administrative duties can be assessed more objectively through the number of hours academics serve on faculty committees, membership on college boards, tutorship of students, chairing a department, etc. [3] Administrative duties are usually not evaluated for the purposes of getting tenure or grant. Lastly, evaluating scholars' contribution in research or their scientific impact, on the face value, appears to be a very objective procedure. However, it is not a simple task as it might look. This article deals with ways of quantifying scientific impact, as it is the most important pillar of academic work required for career advancement. [4] Quantifying scientific contribution of scholars has become an important task not just in academia but also in public at large. Whether it is employment at the university, tenure, promotion, grant, or any other purpose, various committees evaluate scholars' scientific impact on a regular basis. Measuring academic accomplishments has become a "fact of scientific life". [5] Researchers themselves are aware that without valuable scientific contribution their chances of winning a project or getting tenure are significantly reduced. [6] Successful academic career is dependent on many factors including ingenuity, longevity, publications and even luck. [7, 8] But what is the best way to measure the scientific impact of scholars? Unfortunately there are no clear-cut answers that would be universal and applicable throughout the world. One way to measure scientific impact is through the number of citations that certain publication gets. [9] One of the most widely used methods for evaluating scientific output is the h-index, which is the number of publications that have as many number of citations. [10] Although not without flaws, [11, 12] h-index is a commonly accepted, single-number, indicator of scientific output. h-index has been well received in the scientific community and has been thus widely accepted. [13] Many authors have asked how meaningful is the h-index as a measure of individual researcher's scientific output. [14] Even if we accept the h-index as a "gold-standard" in measuring scientific impact, we still might ask the question which h-index is the best and will be used for the evaluation purposes. Whether it will be yet another "gold-standard" -Web of Science's (WOS) h-index, or maybe some other h-index will be more useful? Studies show that it matters which citation database will be used for calculating the h-index as some scientific fields might be over or under represented in certain databases. [15] For example, there are several objections to using WOS as a sole criterion for evaluating scientific performance. Some of these objections are its limited coverage for the Social Sciences and Humanities, the lack of inclusion of journals in languages other than English and lack of citations from sources not covered by WOS, [16] to name just a few.
Due to its wider coverage, especially in the area of Social Sciences and Humanities, a Scopus h-index might be used as a viable alternative to WOS. However, it is important to note that there are limitations in the content of Scopus database. [17] Another limitation for both, WOS and Scopus is that they are subscription based and are not freely available to researchers. Some authors have also criticized WOS and Scopus for their lack of comprehensiveness. [18] This brings us to yet another alternative and that is Google Scholar (GS). GS is one of the largest, if not the largest, scientific database covering a large number of journals and academic web documents from the Google search engine. [19] Researchers can freely create their Google Scholar Profiles, which in turn, automatically retrieves the papers they authored or the authors can manually add the papers to their profiles. GS automatically retrieves the number of citations for these papers and calculates the h-index. Some authors have reported that the accuracy of GS services is often inconsistent. [20] Last alternative service that we mention is the Research Gate (RG). RG is a social network for researchers where they can list their publications and interact with other scientists throughout the world. It is acknowledged that scholars have interest to read articles on social networks [21] and thus the interest for the service such as RG is growing in popularity. [22] Another benefit of RG is that it is quite easy to use, it is free for users and offers several numerical indices as a measure for the authors scientific contribution, including the number of citations and h-index. RG in creating these indices combines bibliometric and altmetric data to create a more comprehensive measure for researchers. [23] Overall, commercially available databases, WOS and Scopus, are more accurate than GS and RG, as the authors cannot themselves add papers to their profiles. One of the shortcomings of WOS and Scopus is that there can be a long time lag between publication of the paper and its visibility in these bases. [6] In GS and RG, these publications can be almost instantly visible.
Bosnia and Herzegovina (BiH) is a country on a scientific periphery with a small scientific production. Scientific periphery is the term used for countries that lag behind in scientific production. [24] Universities in BiH are not represented in Academic Ranking of World University list and the only global ranking list that covers universities in BiH is created by Webometrics. According to Webometrics, July 2019 Edition, the best ranked university in BiH is the University of Sarajevo with a world rank of 1669. This relatively poor ranking of BiH universities has led universities to urge their staff to become more "visible". Thus, in order to increase scientific visibility of research conducted in BiH and of researchers themselves, universities in BiH have recommended their staff to create their Google Scholar Profiles. There is a lack of scientometric studies examining scholars and their scientific output from BiH and thus the need for one such study.
Research objectives
The goal of the present paper is to evaluate research performance of scholars from BiH and to compare the number of citations and h-indexes from four (WOS, Scopus, GS and RG) databases at the researcher's level. Another goal was to perform a principal component analysis (PCA) of these measures in order to find major dimensions of these indices. PCA is a multivariate technique that analyses data of inter-correlated variables with a goal of extracting important information from the data and to represent it as new variables or principal components. [25] 
METHODS

Participants
The final sample for this study comprised 303 researchers from four largest public universities in BiH, namely University of Sarajevo, University of Tuzla, University of Banja Luka and University of Mostar. Descriptive data on the researchers in presented in Table 1 . We first extracted data from Google Scholar for the first 100 researchers from each of these Institutions-400 in total. We then checked whether these researchers had a Research Gate (RG) profile and only those with a RG account were kept for further analysis. This left us with a sample of 323 full profiles. Out of these, 20 cases represented significant multivariate outliers according to Mahalanobis distances and were thus excluded from the further analysis.
Procedure
For each of the 303 scholars, we took the following data: 
Statistical analysis
We provided descriptive data for all indices and performed a correlation analysis between all the metric indices. As the data were not normally distributed, we used Spearman rankorder correlations. We then performed a principal component analysis and the extracted factor was again correlated with the metric indices. An alpha level was set to .05.
RESULTS
We first present the numbers of citations and h-indexes for all researchers. These results are shown in Table 2 . Table 2 clearly shows the well-established pattern of citation distribution, with largest number of citations and h-index for GS and smallest for WOS.
We next calculated the correlation between all the metric indices. As the distribution of citation counts was skewed, we used Spearman rank-order correlations ( Table 3) .
As can be seen from Table 3 . all correlations are high and statistically significant at .001 level. The highest overall correlation was between WOS number of citations and WOS h-index (r=.94) and the smallest was between GS number of citations and WOS h-index (r=.69). We then performed a Principal Component Analysis (PCA) to see whether there is an underlying factor that can capture scores from all the indices. According to the PCA, the first extracted factor explained 84.1% of variance in the scores. The second factor explained 6% of the variance and the third factor explained 5%. The first component appears to capture most variation in citations and h-index scores. In Table 4 . We present Spearman rank-order correlations between PCA first factor and metric indices.
As can be seen from Table 4 , all correlations between the extracted factor and metric indices were highly correlated and statistically significant at .001 level. All correlations were close to or larger than 0.9.
It seems possible to obtain a single number that captures most of the variance for citations and h-indexes obtained from various databases. The formula for getting the single number representing all the indices: X = 0.0015333944 Scholar Note. GS citations-Google Scholar Citations; GS_h_index-Google scholar h index. This formula is probably sample specific, but in this study it captured a massive 84.1% of the variance in scores.
DISCUSSION
The goal of the present study was to examine the relationship between number of citations and h-indexes obtained from four different databases: WOS, Scopus, GS and RG. The total number of citations and h-index were highest for Google Scholar and smallest for WOS. This finding is in line with existing studies. [26, 27] Although we found strong and highly significant correlations between all different metric indices, they seem to differ among each other in their size. For example, there was a stronger relation between RG h-index and GS h-index, than between RG h-index and WOS h-index. These results have important implications for evaluating scholars in BIH and also for other countries with small scientific production. The main question is: How justified is it to use WOS when its median h-index is 2? Here it is important to note that this median number is retrieved from 303 of the most prolific researchers and that this number would probably be closer to 0 if we analyzed all researchers from these 4 largest public universities in BiH. Thus, we believe it would be more informative to evaluate researchers from developing countries through a GS metric either as a standalone procedure or as a complementary method. The similar conclusion was reached by other authors as well. [28] Despite these limitations, the results of this study can be very useful and informative to universities for tenure and/or promotion purposes. If a researcher is applying for a position and has a WOS h-index of 5, than his/her h-index is in the top 25% of the researchers at the public universities in BiH. Other studies have also suggested similar methodology in the researcher's evaluation process. [29] However, there needs to be a control for the discipline the author is coming from, as it may affect the number of citations.
As an example, the field of medicine is getting more citations than the field of mathematics. [30] Another goal of this study was to determine whether a single number can capture researcher's scientific impact. This was tested through the principal components analysis and the results indicated that 84.1% of the variance in citations and h-indexes scores were explained by a single component. Likewise, the principal component was significantly related to all metric indices. We suggested a formula that captures most of the variance in the metric scores. Although the formula is sample specific, it can be used as a single number indicator of a scholar's scientific impact and could potentially be used for scientometric purposes. Hypothetically it would be ideal if a scientific impact could be accurately measured with a single number. However, that ideal is hard, if not impossible, to reach. Many authors have postulated that scientific impact is a multidimensional construct that cannot be properly expressed through a single number and that it is always wise to use several indicators to measure research performance. [9, 14] Although we agree with this position that several indicators can better illustrate scholar's research output, we believe it is even more important that these numeric indicators truly represent scholar's output. The analysis of excluded outliers in our study can best illustrate this point. Although, most of the highly significant outliers were excluded because they had significantly higher number of citations and significantly higher h-index (mostly of authors from University of Sarajevo), some outliers were excluded as they had a large discrepancy between number of citations and h-index. For example, the author has 500 WOS citations but his/her WOS h-index is 2. The article that received almost all citations was the study of international group in which our author was one of the several (usually more than 10) co-authors of the article and which was published in a Journal with a high impact factor such as Nature of The Lancet. What is the real scientific impact of that author and can he/she be evaluated at all? Another example of discrepancy in scores deals with the number of articles published in certain journals. For example, an author publishes papers mostly (or exclusively) in Journals covered by Scopus and not by WOS and the Scopus h-index is 14 and WOS h-index is 3. Again, how shall we evaluate this author? If the components of our proposed formula truly represented scholar's scientific impact we believe it could be than used as a single-number indicator of scientific impact. However, several abovementioned examples discourage us from offering a scientometric panacea at the individual researcher's level. Therefore, besides number of citations and h-indexes obtained from several databases, in the formula for a scientometric "silver-bullet", we need to include and answer the following: 1. Is the author first or corresponding author of the paper? 2. In how many articles is our author first or corresponding author and how many citations these publications received? 3. How many scholars co-authored the article and how many times these authors have cited the paper (auto-citations)? 4.
What is the scientific field the author/s belongs to? These and probably other questions need to be taken into considerations when evaluating researchers' scientific impact. Of course, the different weight in the formula needs to be given to each of these questions.
Some of these limitations of h-index have been noted earlier and numerous other measures have been put forward. [13] Again, most of the objections to h-index are justified, but many more inaccuracies regarding measures of scientific impact stem from academic misconduct through inappropriate authorship. This topic has received much scientific attention in the recent years, but problems with honorary or ghost authorship still persist. [31] [32] [33] For example, there were some authors who had high h-indexes in many databases, but were not the first or corresponding authors in any of the cited papers. In such cases, are we evaluating these authors networking skills or their scholarly impact? Although it is possible that these authors were valuable and legitimate team members, without whose contribution such articles would have not be written, it still, nevertheless, opens a lot of space for doubt. One way to, at least partially, circumvent this problem is through the use of the so-called Zerem-score or Z-score. [34] This measure offers overall scientific score as the sum of author score and author citation score. It also discourages expansion of paper's author list, so the authors whose contribution was minor or non-significant will not be included.
Another point that needs to be further explored is the variation in subject specific scores. For example, is this, "silver bullet" measure a better fit for Natural scientists than for social scientists? This question, along with the in-depth investigation of the authors who represent significant outliers (mentioned above) will provide us with a clearer profile of research and researchers in BiH.
Concluding Remarks
There are many objective obstacles in evaluating scholars' scientific impact or research performance. In this article we provided the "shape of science" in BiH through the analysis of researchers from 4 largest public universities. We also performed a Principal Component Analysis (PCA) of the metric indices and showed the way to come up with a formula to represent scientific contribution through a single number. Extreme outliers were excluded from the analysis and we explained the criteria for the exclusion. Given the relatively poor research output, Universities in BiH need to take some strategic steps in order to increase the scientific productivity of their staff. This can be achieved by offering different incentives to academics, such as reducing teaching loads, increasing number of grants etc. [35] The authorities in BiH can also help also by increasing their investments in universities. These strategies are known to result in greater scientific production. [36] Future studies should include other measures in PCA as well, such as number of articles in WOS, Scopus and RG. PCA can be used as a good method of extracting common variance from many metric indices and perhaps offer us a formula through which we will get a single number representation of the scientific impact.
